Abstract-With the rapid development and deployment of emerging Information and Communication Technologies (ICTs), there appears an upsurge of interests in studying ICTs adoption and diffusion. As a result, a substantial amount of papers have been published in this area. This paper aims to provide a critical review of the current literature on ICTs adoption with identified gaps and suggestions for future research. Findings from literature reveal that although significant efforts have been made to study ICTs adoption and diffusion, the diversity of the research in terms of theory and methodology is very low. Technology Acceptance Model (TAM) and its extended models and deductive approach using survey based method have dominated the ICTs adoption studies for decades. It is argued by the authors that as the ICTs are constantly evolving and innovating, the adoption of the emerging ICTs is also a continuing process. Therefore, future adoption research should focus on understanding the adoption from a dynamic and evolutionary process perspective. An evolution-based model of ICTs adoption is discussed and proposed.
INTRODUCTION
Information and Communication Technologies (ICTs) play a very important role in modern society. The technology advances and the rapid development and deployment of new innovative ICTs tools and applications provide many opportunities for organisations and individuals to adopt and therefore benefit from ICTs. The continuing quest to ensure user acceptance of ICTs is an ongoing management challenge [1] . There appears an upsurge of interests in studying ICTs adoption and diffusion since 2000 as evidenced by Williams, et al [2] . As a result, a substantial amount of papers have been published in this area.
ICTs adoption is a complex issue and can be affected by many factors. When examining the adoption of ICTs, Various stakeholders and contexts need to be considered. These range from the organizational to the individual level and business to private environment. One of the continuing issues of ICTs is that of identifying factors that cause people and organisations to accept and make use of technologies and systems developed and implemented by others [3] .
Over the decades, various theories have been developed and applied to inform the ICT adoption studies. Different research methodologies and approaches are employed to collect empirical evidence for analysis. A number of attempts are made to provide a comprehensive review of the trends and issues in ICTs adoption research (e.g. Bagozzi [4] , Benbasat and Barki [5] , Choudrie and Dwivedi [6] , Hirschheim [7] , Jeyaraj et al. [8] , King and He [9] , Legris et al. [10] , Lucas et al. [11] , Schwarz and Chin [1] , Silva [12] and Venkatesh et al. [13] ). but each of them seems to have limitations in its own right. With the overwhelming literature in this area, there is a need to continue to examine the current ICTs adoption research and to identify any gaps. This paper aims to briefly review the current literature of ICTs adoption, identify gaps and provide suggestions for future research. Findings from literature reveal that Technology Acceptance Model (TAM) and its extended models and deductive approach using survey based methods are still dominate the ICT adoption studies. Following the strong criticism on the limitations and repetitiveness of current ICTs adoption research in terms of theories used, research methods employed and the types of the technologies in examination, a number of researchers (e.g. Williams et al [2] ) have expressed their concern of the homogeneity of current ICTs adoption study. Following the calls for making the use of the wide variety of the theories and methodologies, it is argued by the authors that as the ICTs are constantly evolving and innovating, the adoption of the emerging ICTs is also a continuing process. Therefore, future adoption research should focus on understanding the adoption from dynamic and evolutionary process perspective. A preliminary conceptual model for ICTs adoption from this perspective is proposed. Other main IS/IT journals which are not covered by the databases, such as MISQ, EJIS are also searched individually. Over 500 articles were located, processed and recorded in an excel database for analysis. This is still an ongoing process and a number of key areas will be further examined. This section attempts to provide a critical review focusing on the findings from the literature in relation to the concepts and terms, theories, and research methodologies.
A. Concepts and Terms
It is essential to look at the concepts, terms and definitions commonly used in the ICTs adoption research because this forms a basic foundation for sharing findings and results. Otherwise, it would cause confusion if people use same terms, but with different meanings. Research related to ICTs adoption concerns a series of actions. A number of terms have been used to indicate the adoption status, but the definitions and applications of these terms appear confusing and vary according to authors own perception and understanding. For example, attitude, intention, acceptance, adoption', and diffusion are widely used as an indicator to measure adoption status, but their definitions are differed by different authors or different contexts. The keyword 'Adoption' was used by the largest number of papers followed by 'acceptance' with the term 'Diffusion' being employed by the least number of studies. Most of studies did not provide the definition of the key word 'Acceptance', 'Adoption' and 'Diffusion'.
The findings suggest that the definition of acceptance, adoption and diffusion in the literature are not consistent and clear. Researchers sometimes use acceptance as an intention indicator, but others use it to measure actual adoption decision which is similar to the definition of adoption. The term of adoption has been used widely, but its coverage ranges from the intention to the usage. In terms of diffusion, it is also vague in its meaning in most research contexts. Therefore, it is necessary to clarify and agree with the concepts to be used in defining ICTs adoption. A universal agreed terminology may be challenging, but will undoubtedly provide an appropriate foundation for sharing findings and reducing confusion, inconsistence and duplicating efforts.
B. Theories
Appropriate theoretical underpinnings are paramount in guiding and informing ICTs adoption investigations. Therefore, it is necessary to review the important theories used in the last decades. The number of theories employed clearly indicates some level of diversity. One of them, technology acceptance model (TAM) was proposed by Davis in 1986 in his doctoral thesis [10] . Since then, it has been tested and extended by various researchers primarily to examine the individual level of technology acceptance. A number of research critique papers on TAM have been published in recent years (e.g. Bagozzi [4] , Benbasat and Barki [5] , Hirschheim [7] , King and He [9] , Legris et al. [10] , Schwarz and Chin [1] , Silva [12] and Venkatesh et al. [13] ). However, a more detailed examination revealed that TAM was the most popular theory in examining the ICTs adoption. Majority of research papers used TAM or extended TAM, followed by the Diffusion of Innovation (DoI) theory. Other theories have been formulated to examine the ICTs adoption and diffusion in the organisational and inter-organisational level. Differing from the theories in the individual level, theories used in the organisational level consider a larger picture, including impacts from the organisation and its environment. For example. Technology-Organization-Environment (TOE) theoretical framework by Tornatzky and Fleischer's [14] was widely used in investing factors affecting technology adoption and used at the organisational level TAM has come to be one of the most widely used models in IT/IS adoption, in part because of its understandability and simplicity. Legris et al [10] argue that most of TAM research suffers three types of limitations: use of students, type of applications examined, and self-reported use [10] .
As argued by Williams et al (2009) , researchers to date have overwhelmingly made use of just one theory "TAM" and its associated constructs. This one dominant-theory trend will undoubtedly restrict the intellectual debate and "weaken the field of technology adoption research" [2] .
C. Methodology
A range of research methodologies appears to have been employed for the ICTs adoption studies. Literature reviews suggest that the deductive approach has dominated adoption and diffusion research for many years. Majority of the papers reviewed in this research (60%) employed a deductive approach in comparison with the inductive approach that was employed by less than 20% papers reviewed. For some papers, it was not possible to determine if they were deductive or inductive.
Most ICTs adoption research is based on the quantitative approach. For example, Williams et al [2] revealed that the majority of studies (about 65% ) employed a quantitative approach. There is only less than 25% studies employed a qualitative approach. Approximately 9% papers employed conceptual/theoretical/metal-analysis, Clearly, the questionnaire survey was the dominant research method. For example, among the papers reviewed by Williams et al [2] , about 58% employed survey method, while 15% used case studies. Questionnaires are mainly employed to collect data on ICTs adoption and diffusion at either organisational or individual level. Other methods, such as interviews, multimethod, mathematical model, field study, laboratory experiment, secondary data analysis, action research were rarely used in ICTs adoption research.
III. GAPS AND FUTURE RESEARCH
Having reviewed extensive literature in relation to ICTs adoption and diffusion and the meta analysis papers on the current trends and issues, it is apparent that substantial effort and attention have been devoted to ICTs adoption research at both organisational and individual levels, but a number of significant gaps are still evident.
Terms and their associated definitions used in ICT adoption and diffusion research are not consistent and vary according to researchers' own perceptions and understanding. For example, some researchers use acceptance and adoption interchangeably, but others try to distinguish them in their investigation. There is a need to define and agree with the key concepts and definitions, such as the acceptance, adoption and diffusion. Other terms related to the indicators of adoption status such as: intention, behavioural intention, use, usage, impact, etc. may also need to be further clarified.
Regarding the theories, TAM has been the most used theory in ICTs adoption studies. TAM was proposed in 1986 and has since been widely used in ICT adoption research despite many criticisms on its parsimony. Many researchers have attempted to improve TAM by extending the model to include more factors or integrate TAM with other theories. Influenced by TAM, most of research uses the potential adopters' attitudes and perception, there is a need to shift from using only perceived variables to a combined investigation with more facts based indicators.
ICTs adoption studies mainly used deductive approach involving theory confirmation and hypotheses testing. Although this research design has certain advantages, it does have limitations. It regards ICTs adoption as an one-off action and focuses factors affecting the decision making at one particular decision point. It has ignored the fact that ICTs adoption is an ongoing process, so theories and models should treat ICTs adoption as a dynamic and evolving process, rather a static and one-off action.
Majority of the research examines the ICTs acceptance and adoption, limited efforts were made to address the post adoption and diffusion issues. One of the reasons on the lack of the research on post adoption may be the difficulties involved in examining the post adoption development. It may also be related to the lack of strong awareness on the importance of post adoption development and its impact on maximising the ICTs potential.
The receptiveness of the current studies in terms of theories adopted, technologies under investigation, and factors considered is also evident. This phenomenon is not in line with the proportion of the increased diversity of technology development and efforts made to understand their adoption and social and business impacts. To broaden and enhance our understanding of the complex issues surrounding ICTs adoption and diffusion, more research should be carried out to explore other potential theories, or to use inductive approach to generate new theories and models. Also, more qualitative research involving interviews, longitudinal studies, and action research would be encouraged. Resources-based and economics-based views on ICTs adoption appears to have been generally neglected, so future research should also consider to incorporate those issues in their investigations.
IV. TOWARDS DEVELOPING AN ICTS ADOPTION FRAMEWORK FROM AN EVOLUTIONARY PROCESS PERSPECTIVE
ICTs are not just an innovative products that organisations and people can simply adopt and use as one-off decision and action, the applications of ICTs are emerging and evolving continuously. New ideas and applications are constantly available with promising benefits and impacts, so organisations and individuals need to monitor their ICTs applications regularly and make sure they are continuing to gain benefits from the new ICTs and not being left behind their competitors. To understand how the organisations and individuals continuously adopting and assimilating emerging ICTs, a preliminary ICTs adoption framework from an evolutionary process perspective is proposed. This conceptual framework is informed by the characteristics of contemporary ICTs and the critical reflection of the existing literature.
When adopting new ICTs, adopters (organisations or individuals) normally follow a series of actions along the adoption process from (1) awareness; (2) intention of adoption; (3) decision of adoption; (4) usage; (5) impact assessment; (6) diffusion/post-adoption development.. However, due to the nature of the emerging ICTs, their adoption is an ongoing evolutionary process along with the evolving technology development. Once an organisation/individual complete one cycle of adoption, they may face challenges of new emerging opportunities to further benefit from the ICTs. The adoption of new opportunities and innovations will base on the excising level of adoption. Therefore, they will start another cycle of adoption based on its current level and move to a higher level of diffusion towards the end of the new adoption. The whole adoption cycle moves at an incremental level. This evolutionary process point of view is clearly demonstrated in the framework in the figure 1.
The proposed framework is shown in figure 1 . The framework illustrates two important views. It represents not only the six adoption stages, but more importantly, the concept of the dynamic evaluation of the adoption cycles. Each adoption cycle consists of six stages. The dynamic progression of the adoption advances ICTs applications from one lower level to another higher one (moving from one cycle to another).
The evolutionary process makes the ICTs applications by organisations or individuals more sophisticated over time and in response to the environment.
Figure 1. An evolutionary view on ICTs adoption
In figure 1 , the length of the line represents the time, each circle represents one completed process of adoption, and an increased level of diffusion, although each adoption cycle doesn't have to fulfill all six adoption stages. The radius represents the sophistication and impact of the ICTs applications on organizations and individuals.
V. CONCLUSION AND FUTURE RESEARCH
As argued by Chen and Xu [15] issues related to information technology adoption and diffusion have been an important area of study for IS researchers. While IT continues to advance and innovate in today's global environment, adoption and diffusion of IT at all levels of engagement face everincreasing opportunities and challenges . However, ICTs adoption research appears moving towards overall homogeneity which is likely to weaken the field of technology adoption [2] . There is a strong call for making greater use different theories and methodologies to broaden the research perspectives and stimulate debate and challenges the status quo. Therefore, this research in progress paper presents one step towards this direction. It aims to identify the gaps in the current ICTs adoption research and explore the ways to fill the gaps from different research perspectives.
Next stage of the research is to test and validate the concept and framework and identify the associated factors affecting adoption stages and evolutionary process. A qualitative approach using interviews and case studies will be employed. Some pilot case studies will be carried out with small and medium sized companies. This will help to collect feedback on better understanding of the adoption process with a view to further modify the framework. Subsequently, semistructured interviews will be followed with a wide range of samples to identify and confirm the framework, and generate and validate the factors associated with the adoption stages and the upward movement of adoption cycles. 
